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PacciviaTpHBaeTca o^Ha 6iiKBaTepHH0HHaa MO^ejib sjieKTpo-rpaBHMarHHTHoro (3rM) no- 
jih, fljia nocTpoeHHa KOTopofi ncnojib30Bajiacb KOMnjieKCHaa raMHJibTOHOBa (popivia chmmctph- 
30BaHHbix ypaBHeHHH MaKCBejuia [1]. B [2] noKa3aHO, hto raMHJibTOHOBa cpopMa no3BOJiHeT 
jierKO nepeiiTH k SnKBaTepHHOHHoii 3anncH sthx ypaBHeHHii h 3aKOHOB coxpaHeHHH. Cjie^yeT 

OTMeTHTb, HTO CBOH ypaBHeHHH MaKCBejIJI R&J1 B KBaTepHHOHHOH (J)OpMe, a HbIHe npHHHTafl 

h HinpoKO Hcnojib3yeMaa npHHa^jieiKHT XeBHcafifly [3]. KBaTepHHOHHbie (popMbi ypaBHeHHH 
MaKCBejuia paHee nojiynajiH h flpyrne aBTopbi [3-5]. Ohh pa3JiHHaiOTCH b 3aBHCHMOCTH ot to- 
ro, KaK bbo^htch KBaTepHHOHbi HanpajKeHHOCTH, 3apa^,OB h tokob 3M-nojifl, a TaKJKe onepainiH 
Ha hx ajireSpax. O^HaKO sth (popMbi Hcnojib30BajiHCb b ochobhom jihhib fljra HCCJie^OBaHHH pe- 
nieHHH ypaBHeHHH MaKCBejuia. rio^oSHbie (popMbi TaioKe Hcnojib30Baji B.B. KaccaH^poB fljia 
nocTpoeHHH CBoeii MO^ejin nojia [6]. 

3^ecb Hcnojib3yeTCH CKajinpHO-BeKTopHan 3anncb GnKBaTepHHOHOB, KOTopan oneHb HarjiH^,- 
Ha h yiniBHTejibHO npncnocoGjieHa ,h,jih 3anncH cpH3HHecKHx BejiHHHH h ypaBHeHHH. PaccMOTpe- 
Ha 3a^ana Kohih ^jih KOMnjieKCHbix rpaflneHTOB b npocTpaHCTBe SnKBaTepHHOHOB h nojiyneHbi 
hx penieHHH. 

C BBe^eHHeM 6nKBaTepHHOHa cujiu-MomHocmu pa3BHBaeTCH SHKBaTepHHOHHbin no^xofl ^,jih 
nocTpoeHHH ypaBHeHHii B3aHMO,n;eiicTBHfl 3rM-nojieii, nopo>KflaeMbix pa3JiHMHbiMH 3apfl,n;aMH 

H TOKaMH, H Ha HX OCHOBe aHajIOrH TpeX 3aKOHOB HblOTOHa flJIH CB060flHbIX H B3aHMOfleH- 

CTByiomnx 3apaflOB-TOKOB, a TaKJKe cyMMapHoro nojia B3aHMO^eHCTBHH. PaccMOTpeHa cbh3b 
nojiyneHHbix ypaBHeHHH c H3BecTHbiMH rjir MexaHHKH cnjioniHOH cpe^bi. IIojiyHeHbi 3aKOHbi 
npeo6pa30BaHHH h coxpaHeHHH SHeprnn npn B3aHMO,a,eHCTBHH. 

Hccjie^OBaHa HHBapnaHTHOCTb ypaBHeHHii MO^ejin 3rM-nojiH npn npeo6pa30BaHHHx Jlo- 
peHH,a, h, b nacTHOCTH, 3aKOHa coxpaHeHHH 3apH,a,a-TOKa. rioKa3aHO, hto npn B3aHMOfleHCTBHH 
nojieii, stot 3aKOH OTjinnaeTCH ot o6meH3BecTHoro. IlosTOMy, b otjihhhc ot paHee npe^,JiOH<eH- 
hoh HaMH Mo^ejiH 3rM-nojiH b pa6oTax [7,8], pjia 3aMbiKaHHH ypaBHeHHH TpaHccpopMainiH 
3apaflOB-TOKOB npe,n;jio:>KeHa HOBaa MOflH(pHKan;HH ypaBHeHHii MaKCBejuia c BBe^eHHeivi CKajiap- 
Horo nojia b SnKBaTepHHOH Hanpa>KeHOCTH 3rM-nojiH. IlocTpoeHbi pejiHTHBHCTCKne cpopiviyjibi 
npeo6pa30BaHHH njiOTHOCTen Mace h 3apfl^,OB, tokob, chji h hx MomHOCTeii. 

1. raMHJibTOHOBa (popMa ypaBHeHHH MaKCBejuia. CHMMeTpH30BaHHbie ypaBHeHHH 
MaKCBejuia ^jih 3M-nojiH moxho 3anncaTb b BH^,e o^Horo BeKTopHoro h o^Horo CKajinpHoro 
ypaBHeHHH. B npocTpaHCTBe MnHKOBCKoro M = i? 1+3 = {(r, x) = (c£, x±, x-i, £3)} ohh hmciot 
cjieflyiomHii bh^ [1]: 

d T A + i rot A + J = 0, (1) 
p = divA, (2) 
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r^e A - KOMiuieKCHbiii BeKTop HanpaxceHHOCTH nojra: 

A = A E + iA H = y/eE + i^pH, (3) 

E, H - Hanpa>KeHHOCTH BJieRTpnaecKoro h MarHHTHoro nojieii, e, p,- KOHCTaHTbi, xapaKTe- 
pn3yioiii;He sjieRTpnaecKyio npoBO^HMOCTb h MarHHTHyio npoHHHaeMOCTb cpe^bi, c = l/^/ep- 

CKOpOCTb 3M-BOJIH. IljIOTHOCTb 3apa,ira p H J - TOK BbipaJKaiOTCfl ^epe3 SJIGKTpHHeCKHG H 

MarHHTHbie 3apa,a,bi h tokh (popMyjiaMH: 

p = p E /Vi-ip H /^, J=^/JIj E -t^j H , (4) 

p E = e div E, p H = —p div H. (5) 
IljIOTHOCTb SHepriia A-nojia W h BeKTop IIoHHTHHra P onpe^ejiaiOTca BbipajKeHHaMH: 

W = $^(e\\E\\ 2 + p\\H\\ 2 ) =0,5(A,A), P = c~ l E x H = 0,5i[A,A], (6) 

r^e A = ^feE—i^fpH - KOMiuieKCHO-conpaaieHHoe A . 3^ecb Bcio^y (a, b) = Yli=i a i^i > [ a > = 
a x b = k= i EijkeiCijbk - CKajiapHoe h BeKTopHoe npoH3Be,n;eHHa a h b cooTBeTCTBeHHO, 
- nceB^OTeH3op JleBH-HnBiiTa, -opTbi ^eKapTOBofi ciiCTeMbi KOop^imaT. KaK bh^hm ii3 (6) , 
njiOTHOCTb SHepriiii - bto npocTO nojiOBima KBa^paTa MO^yjia KOMnjieKCHoro BGKTopa A. 

B ypaBHeHiiax MaKCBejuia njiOTHOCTb MarHHTHoro 3apa,zra p H = , t.k. MarHHTHoe nojie - 
BHxpeBoe: div H = 0. H3BecTHO, hto rpaBHTainiopmoe nojie aBjiaeTca CKajiapHbiM, onacbiBaeTca 
CKajiapHbiM rpaBHTan;HOHHbiM noTeHiniajiOM, kotopmh 3aBiicnT ot pacnpe^ejieHna Mace. 3^ecb 
npefljiaraeivi oGteflimiiTb bth ^Ba nojia b OflHO - zpaeuMazHumnoe, hto mojkho c^ejiaTb BBe^e- 
HiieM rpaBHTan^HOHHOH iijiothocth b ypaBHeHiia MaKCBejuia. B nacTHOCTH, npeflnojiojKHM, hto 
nAomHocmh p H aneueaAeHmHa nAonmocmu zpaeumai^uoHHOu mclccu. ,Uajiee noKa>KeM, hto 
9Ta rnnoTe3a HMeeT TeopeTiinecKiie no^,TBep>KfleHHa, npiiBOflamHe k BecbMa npaB^onoflo6HbiM 

CJie^CTBHaM. 

OTCiofla cjie^yeT, hto noTeHiraajibHaa nacTb BeKTopa H oniicbiBaeT rpaBHTarriiOHHoe no- 
jie, a BHxpeBaa - MarHHTHoe, nosTOMy H -nojie - 3to rpaBiuviarHHTHoe nojie. Cjie^OBaTejib- 
ho, A-nojie aBjiaeTca SAeKmpo-zpaeuMazHumuuM. IIocKOJibKy ero pa3MepHOCTb onpe^ejiaeTca 
njioTHOCTbio BHeprnn, ero moxho Ha3BaTb anepzemuHecKUM. 

By^eivi Ha3biBaTb j H zpaeuMazHumuuM tokom. Ilpn p H = 3to hhcto MazHumuue tokh, 
npii noTeHiraajibHOM H tokh Maccoeue. 

SaivieTHM, hto Bee cooTHonieHHa fljia A-nojia (a He ^jih E h H ) He co^epjKaT KOHCTaHT 

Cpe^bl, B ^aCTHOCTH, CKOpOCTb SJieKTpOMarHHTHblX BOJIH, KOTOpaa BO BBe^eHHOH CHCTeMe KO- 

op^HHaT 6e3pa3MepHa h paBHa 1. 

ilpHBe^eM 3^ecb TaKJKe HeKOTopbie H3BecTHbie yTBepai^eHHa ^jia A-nojia, KOTopbie aBjia- 
K)Tca cjieflCTBHeM ypaBHeHHii MaKCBejuia [1]. 

T e o p e m a 1.1. IIpu 3adauHux monax u 3apndax peiuenue JT]) aeAaemctt pemenueM 
eoAHoeozo ypaeneHUH: 

□ A = (dl - A) A = iratJ- gradp - d T J, (7) 
u ydoeAemeopttem 3aKonaM coxpanenuM 3apnda u anepzuu: 

d T p + divJ = 0, (8) 
d T W + divP = -Re(J,A) = c~ 1 (j H H — j E E). (9) 
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CiiCTeivia ypaBHeHHH MaKCBejuia He3aMKHyTa. OHa no3BOJiaeT no 3aijaHHbiM 3apa,iraM h to- 
KaM onpe^ejiaTb nojie, n HaoSopoT, npn 3a,zraHHOM nojie Haxo^HTb nopo^Kflaiomne ero 3apa^bi 
n tokh. Ecjih nocjieijHHe Heii3BecTHbi, to ,n;jia ee 3aMbiKaHna oSbinHO ncnojib3yiOT ypaBHeHna 
MGxaHHKH cnjioniHbix cpe^,. O^HaKO 3,a,ecb mm nocTynHM hhhm o6pa30M, Hcnojib3ya SriKBaTep- 

HHOHHyK) 3anHCb 3THX ypaBHeHHH H 3aKOHbI HblOTOHa. 

J\jih nepexo^a k GnKBaTepHHOHHOH 3anncH bthx h nocjie,zryioiirHx ypaBHeHHH ^a^HM KpaTKoe 
onncaHne (pyHKirnoHajibHoro npocTpaHCTBa 6nKBaTepHHOHOB h onepannn Ha^ HeM. 

2. BnKBaTepHHOHbi Ha M n hx KOMnjieKCHbie rpa^neHTbi. PaccMOTpHM (pyHKnn- 
OHajibHoe npocTpaHCTBO 6nKBaTepHHOHOB - bto npocTpaHCTBO KOMnjieKCHbix KBaTepHHOHOB: 
K(R} +3 ) = {F = f(r,x) + F(r, x)} , r^e / - KOMnjieKCH03HanHaa (pyHKnna , a F - Tpexiviep- 
Haa BeKTop-(pyHKH,HH c KOMnjieKCHbiMH KOMnoHeHTaMH , f is. F - JiOKajibHO HHTerpnpyeMbi h 
^H(p(pepeHH,HpyeMbi Ha M. IlpocTpaHCTBO K - accoHiiaTHBHaa, ho HeKOMMyTaTHBHaa ajireSpa 
co cjio>KeHHeM: F + G = (/ + g) + (F + G) , h onepairneH KBaTepHHOHHoro yMHOJK6Hna ( o ): 

FoG = (f + F)o( g + G) = (fg-(F,G)) + (fG + gF+[F,G]). (10) 

BnKBaTepHHOH BH^a F = / + F Ha3biBaeTCH KOMiuieKCHO-conpHOtceHHUM, a F* = / — F 
Ha3biBaeTCH conpHOtc&tmuM. Ecjih F* = F , 6nKBaTepHHOH Ha3biBaeTca caMOConpxofceHHUM. 
CxajiapHbiM npoH3Be^,eHHeM SnKBaTepHHOHOB Fi,F2 Ha30BeM SnjiHHeHHyio onepairnio 



(F 1 ,F 2 ) = fj 2 + (F 1: F 2 ) . HopMa 6HKBa T e P HHOHa ||F|| = ^/(F,F) = yff-f+(F,F) = 
\f\f\ 2 + ll-^1| 2 1 a nceBflOHopMofi 6nKBaTepHHOHa Ha30BeM BejinnnHy (F) = \J f ■ f — (F, F) = 

y/\f\ 2 -\\F\\ 2 . 

/Jajiee HcnojiB3yiOTCH ^HCpcpepeHHHajibHbie onepaTopbi - B3anMHbie KOMnjieKCHbie rpa^H- 
eHTbi: D + = d T + z'V, D~ = d T — z'V , r^e V = grad = (81,82,83) . Hx ^encTBHe Ha K 
onpeflejieHO KaK b ajire6pe KBaTepHHOHOB: (cooTBeTCTBeHHO 3HaKaivi) 

D ± F = (8 T ± zV) o (/ + F) = (8 T f =f z (V, F)) ± d T F ± iVf ± z[V, F] = 

= (8 T f =F i div F) ± d T F ± igrad f ± i rot F. 

3aMeTHM, hto b CMbicjie Bbinie ^aHHbix onpe^ejieHHH: (D - )* = D , (D + )* = D + . Jlerxo 
npoBepHTb, mto bojihoboh onepaTop npeflCTaBHM b BH^e: 

d 2 

□ = — - A = D o D + = D + o D". 

or 2 

HcnojiB3ya 3to cbohctbo, mojkho ctpohtb nacrabie penieHHa ,zrH(p(pepeHirHa.JibHbix ypaBHeHHH 
Ha if (M) BHfla: 

D ± K = G. (11) 
OTCio^a cjie^yeT, hto DK = D T G , ero penieHneM HBjiaeTca cjie,zryioinaa CBepTKa (*) 

K = D T G * ip, (12) 

r^e ip(r,x) - (pyHflaivieHTajibHoe perneHHe bojihoboto ypaBHeHna: O0 — 5(r)5(x). 3to pemeHne 
aBJiaeTca TaKJKe h penieHneM ffTTI) . ^eiicTBHTejibHO, ncnojib3ya cbohctbo flHCpcpepeHirHpoBaHHa 

CBepTKH, nojiyHHM 

D ± K = D ± D T (G* V) = □ (G* V) = (G* Q0) = G*5{t)5{x) = G. 
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OyHflaivieHTajibHbie peineHna onpe^ejiaiOTca c tomhoctbio penieHHH o^Hopo^Horo boji- 
HOBoro ypaBHeHiia. ,Hjia 3a^an c HaaajibHbiMii no BpeivieHH ycjiOBiiaMii b KaaecTBe (pyH^aMeH- 
TajiBHoro penieHiia yn;o6HO ncnojiB30BaTB npocTOH cjioh Ha cbctobom KOHyce r = ||x|| : 

^ = (47r||x||)- 1 (5(r-||x||), 

KOTopyio Ha30BeM eoAHoeou diyHKyueu. 

B 3tom cjiyaae, KaK jierKO noKa3aTB, 3anncaB CBepTKy b HHTerpajiBHOM BH^e, penieHne (TT2l 
6y^eT paBHO Hyjiio npii r = . Bocnojib3yeMca hm ^jia nocTpoeHiia penieHHH ypaBHeHna (13) 

C ^aHHBIMH Kohih. 

3adana Komu. IlycTB H3BecTHbi HaaajibHbie ycjiOBHa: K(0, x) = Ko(x). TpeSyeTca nocTpo- 
htb penieHne ypaBHeHna ([TT]), yn;oBJieTBopaioni;ee bthm flaimbiM. 

Hcnojib3yeM fljia SToro annapaT Teopnn o6o6meHHbix (pyHKBiiii [9 ]. PaccMOTpHM perynap- 
Hbie o6o6iu,eHHbie (pyHKipni Bn,a,a G = if (t)G(t, x) , r^e H(t) - cpyHKinia XeBncan^a. Hcnojib- 
3ya fliicpcpepeHinipoBaHiie o6o6ni;eHHbix cpyHKiniii (D ), nojiyaiiM D ± K = G + 5(r)Ko(x) . 
CjieflOBaTejibHO, 

H(r)K(r, x) = T> t {H(t)G * ip} + G(0, x) * ip + D T {K (x) * ip} (13) 

X X 

(3^ecb 3HaK " * "o3HanaeT, hto CBepTKa 6epeTca tojibko no i). 3Ta cpopiviyjia HBJiaeTca 0606- 

x 

meHiieM (popMyjibi Kiipxrocpa ^jih penieHna 3a^anH Kohih ^jia BOJiHOBoro ypaBHeHna [ 9]. Ee 
HHTerpajibHaa 3anncb jierxo BbinncbiBaeTca, c yneTOM Bn^a nojrnoH h HenojiHoii CBepTKH c ip . 

A HM6HHO, 



G(r-r,y) 




dV(y) + r- 1 J K (y)dS(y) I - r' 1 j G(0,y)dS(y), 

r=r ) r=r 

(14) 



r^e r = \\y — x\\, dV(y) = dy\dy2dy^ , dS(y) - flncpcpepeHHiiaji njiomaflH ccpepbi. 
IlepeH^eM k 6iiKBaTepHiiOHHOMy npe,a,CTaBjieHiiio ypaBHeHiiii A-nojia [2]. 

3. BHKBaTepHHOHM A-nojia. BBO^aTca 6HKBaTepHHOHbi : nomenyuaA <fr = i<p — ^ , 
HanpHOtceHHoemt) A = + A , nAomnocmb 3apnda-moKa © = — ip — J , nAomnocmb anepzuu- 
UMnyAbca S = 0, 5 A* o A = W + iP . 

YpaBHeHHH MaKCBejuia (l)-(2) b npocTpaHCTBe 6iiKBaTepHiiOHOB HMeiOT npocToii bh^: 

DA = ©. (15) 

Ecjih noTeHiniaji ya,OBjieTBopaeT jiopeHH,eBOH Kajin6poBKe: d T <p — div ^ = , to 

A = D <fr. 

OTKya,a, b3hb cooTBeTCTByiOHniii KOMnjieKCHbiii rpa,znieHT, nojiyaaeM BOJiHOBbie ypaBHeHna: 

□* = 0, (16) 

□A = D 0. (17) 

OTCio^a cjie^yeT, hto npocTO nocjie^OBaTejibHoe (TponHoe) B3aTne KOMnjieKCHbix rpa^iieH- 
tob ot noTeHiniajia A-nojia, onpe^ejiaeT 6iiKBaTepHiiOHbi, cooTBeTCTByiomiie Hanpa>KeHHOCTii 
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nojia, 3apa^;aM h TOKaM. CKajiapHaa nacTb KOMnjieKCHoro rpaflneHTa KBaTepHiiOHa SHeprnn- 
HMnyjibca A-nana ,a;aeT 3aKOH coxpaHeHna SHepriiii [2]. 

HTaK, 3apa^bi h tokh - sto npocTO d)u3uuecKoe npottejienue KOMnAeKcnoso zpaduenma na- 
npHOtceHHOcmu dTM-noAH. 



3adaua Komu 3am ypaeneHusi ManceeAAa . KaK cjie^yeT H3 ypaBHemia Slot} , npn H3BecTHbix 
3apa^,ax-TOKax h Ha^ajiBHbix ^aHHbix A(0,x) = A (x) , peineHne (1151) ^aeTca cpopMyjioii: 

4vrA = -D | J @iT ~ r ' y) dV(y) + r- 1 J A (y)dS(y) 1 - r" 1 J 0(0, y)dS(y). (18) 

OTCio^a jierKO 3anncaTb HHTerpajibHbie npeflCTaBJieHna ^Jia BeKTopoB HanpaaceHHOCTH 3rM- 
nojia E,H. 

4. Ilpeo6pa30BaHHe Jlopemja K Ha M. Ilpeo6pa30BaHHa Jlopemra SnKBaTepHHOHOB 
Ha npocTpaHCTBe MuHKOBCKoro yn;o6HO ctpohtb, ncnojib3ya ajireSpy KBaTepHHOHOB. J\jir btoh 
n,ejiH KBaTepHH3npyeM M, BBO^a KOMnjieKCHO-conpa>KeHHbie SHKBaTepHHOHbi: Z = r + ix , 
Z = t — ix . JierKO BiyjeTb, *ito 

Z = Z*, Z = Z*, ||Z|| 2 = ||Z|| 2 = (Z, Z), (Z) 2 = (Z) 2 = Z o Z. 



BBe^eM caMoconpa>KeHHbie SiiKBaTepHHOHbi U = ch6 + iesh8, U = c/i# — iesh8, \\e\\ = 1 , 
6 -fleficTBHTejibHoe hhcjio, U o U = 1 . IlpaMbiM BbinncjieHHeM ,a;oKa3biBaiOTca cjieflyiomHe 
jieMMbi. 

Jl e m m a 4.1. KAaccunecKoe npeo6pa3oeaHue Jlopewi^a L : Z — > Z ujueem eud: 

Z' = UoZoU, Z = UoZ'oU, 

Ecjih Becra o6o3HaneHHa: ch29 = 77j=f, s/i2# = -7^=1 ; M < 1, to CKajiapHaa h 
BeKTopHaa *iacTb SnKBaTepHHOHOB 3anHineTca b Biyje hsbgcthbix pejiaTHBHCTCKHx (popMyji: 

, t + v(e,x) , (e,x)+vr 
r = — , x = (x — e(e, x)) + e — , 

r'-v(e,x) . . . ... (e,x')— ur' 

x = (x - e{e,x )) + e- 
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hto cooTBeTCTByeT flBHJKeHHio CHCTeMbi KOop^HHaT X b HanpaBJieHHH BeKTopa e c 6e3pa3Mep- 
hoh CKopocTbio «. JierKO BH^eTb, *ito coxpaHaeTca nceBflOHopMa: 

(Z') 2 = UoZoUoUoZotj = (Z) 2 . 

JleMMa 4.2. ConpnotceHHue KeamepnuoHU W = cosy? + e sin 92, W* = cosy? — esm ip, 
\\e\\ = 1 , onpedeAMom spynny npeo6pa3oeaHuu na M, opmozonaAhHux na eeKmopnoii nacmu 
Z : Z' = W o Z o W*, Z = W* o Z' o W . 

3to npeo6pa30BaHiie ecTb BparneHne BOKpyr BeKTopa e Ha yroji 2(p . Cjie^CTBHeM sthx 
flByx JieMM aBJiaeTca 

JleMMa 4.3. IJpeo6pa3oeaHue Jlopeni^a na M mochcho onpedeAumb nan npeo6pa3oeaHue 
euda: 

Z' = L o Z o L*, Z = L* o Z' o L, (19) 
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sde L = W o U = ch(9 + iip) + iesh(9 + iip), L* = U* o W* = ch(8 - iip) + iesh(9 - iip). Upu 
amoM (Z) = (Z') . 

JlerKO BH^eTb, hto L o L* = L* o L = 1 , nosTOMy nceB^OHopivia Z coxpaHaeTca. 

B3anMHbie KOMnjieKCHbie rpaflneHTbi npii npeo6pa30BaHiiax JIopeHua L npeo6pa3yiOTca b 
cooTBeTCTBHH co cjie,n;yioni;eH jieMMoii. 

Jl e m m a 4.4. Ecjiu Tl = L o Z o L* , mo D' = L* o D o L, D = LoD'oL*, sde 
D = D+ uau D = D . 

Ha ocHOBe stoh jib-mmm paccMOTpHM, KaK MeHaeTca ypaBHeHiie Tuna (TTTT) npn npeo6pa30- 
BaHHii JIopeHua. 

TeopeMa4.1. IIpu deucmeuu npeo6pa3oeanuH Jlopenv^a na M coxpaHHemcH eud 
ypaeuenufi: 



(£±,v)k- = g', 



sde K' = L* o K o L, G' = L* o G o L. 

^eficTBHTejibHO, Hcnojib3ya accouiiaTiiBHOCTb npoH3Be^eHHa h CBOHCTBa L, nojiyniiM 

D'K' = (L* o D o L) (L* o K o L) = L* o D o K o L = L* o G o L = G'. 

H.T.fl. 

Cjie^OBaTejibHO npeo6pa30BaHiia ilopeHua ,a,Jia ypaBHeHHa MaKCBejuia hmgiot bh^,: 

D+A' = ©', sde A' = L* o A o L, = L* o © o L. 

PacnncbiBaa sth (popiviyjibi b noflBHJKHOH ciiCTeivie KOopfliiHaT (ip — 0), nojiy^HM 
Pe/iHrnueucmcKue <fiopMyAU 3am HanpHMceuHocmu, 3apndoe u moKoe: 

A'=(A-e(e,A)) + e^£= (20) 

V 1 — v 2 

KaK BHflHM, Hanpa>KeHHOCTb A-nojia 3flecb Bcer^a yBejiiiniiBaeTca b HanpaBJieHiin BeKTopa 
e. B OTcyTCTBiie tokob, npoiicxo^HT yBejiiiaeHiie 3apa^a-Maccbi. Ilpn Hajmaiiii tokob, b 3a- 
bhchmocth ot HanpaBjieHiia hx ^BH>KeHHa, 3apa^-Macca mo^kct KaK yBejiHHHBaTbca, TaK h 
yMeHbinaTbca. 

5. TpeTHH 3aKOH HblOTOHa. MoiUHOCTb H njIOTHOCTb o6t>eMHbIX CHJI. PaCCMOTpHM 

^Ba 3rM-nojia A h A' , © h @' cooTBeTCTByroiinie hm (hjih nopo>K^i,aioiu,He hx) 3apa^bi- 

TOKH. Ha30BeM 6HKBaTepHHOH 

Y = M-iF = 0oA'= -{ip + J) o A' = (A', J) - ipA' + [A', J] (22) 

nAomHocmbw Mou^Hocmu-cuAU, fleftcTByiomeH co ctopohm nojia A' Ha 3apaflbi h tokh nojia 
A . ^eficTBHTejibHO, c yneTOM (|l]),([4j), CKajiapHaa nacTb HMeeT bh^ hjiothocth moihhocth 
^eiicTByiomHx chji: 

M = (A', J) = c-\(E',j E ) + (H',j H )) + i((B',j E ) - (D',j H )) (23) 
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Bbi^ejiaa fleficTBHTejibHyio h MHHMyio aacTH BeKTopHOH cocTaBJiaiOHieH SnKBaTepHHOHa, no- 
jiy^HM BbipajKeHHa ,zijia hjiothocth oSijeMHbix chji (F = F H + i F E ^j : 

F H = p E E' + p H H' + f xB'- j H x D' (24) 

F E = c (p E B' - p H D') + cT 1 (E' x f + H'x j H ) (25) 

3^ecb B = pH - aHajior BeKTopa MarmiTHOH HH,zryKirHH (b BHxpeBOH nacTH coBna^aeT c hum), 
D = eE -BeKTop sjieKTpHnecKoro CMemeHHa . 

Hanpa>KeHHOCTb rpaBHTainiOHHoro nojia onncbiBaeTca noTeHirHajibHoii nacTbio BeKTopa H , 
a poTopHaa aacTb SToro BeKTopa onncbiBaeT MarHiiTHoe none. Torjja CKajiapHaa aacTb @, ©' 
co^epjKHT njiOTHOCTH sjieRTpnaecKoro 3apajj;a h Maccbi, a BeKTopHaa - hjiothocth ajieKTpnae- 
CKoro TOKa h TOKa Maccbi (kojihh6Ctbo ^BHJKeHHa Maccbi). 

Hcxo^a H3 3thx npeflnojioaceHHH, b (popMyjie (124f) CToaT H3BecTHbie MaccoBbie chjihi, no- 
cjie^OBaTejibHo: KyjiOHOBCKaa cnjia p E E' , rpaBHTainiOHHaa CHjia p H H' (TOHHee coBna^aeT c 
Heft b noTeHBiiajibHoft aacTH H'), cnjia JIopeHira j E x B' (TOHHee coBnajiaeT c Heii b BHxpeBoft 
aacra B')) ii HOBaa CHJia —D' x j H , KOTopyio Ha30BeM ajienmpoMaccoeou. B /reftcTBHTejib- 
Hofl nacTH mohihocth (l23ll ctoiit MomHOCTb KyjiOHOBCKHX, rpaBiiTauiiOHHbix 11 MarHHTHbix chji. 
MomHOCTb BjieKTpoMaccoBOH CHjibi b ^eHCTBHTejiBHyio nacTb (1231) He bxo^ht, t.k. OHa He pa- 
SoTaeT Ha nepeMemeHHax Maccbi, nocKOJibKy nepneHJXHKyjiapHa ee ckopocth. HHTepecHO, hto 
MomHOCTb CHJibi ilopemra b JieftcTBHTejibHyio aacTb (1231) TaK»ce He bxo/iht, hto CBHjj;eTejibCTBy- 
eT b nojib3y Toro, hto 3Ta cnjia nepneHJTHKyjiapHa ckopocth Maccbi, xoTa Henocpe,n;cTBeHHO H3 
ypaBHeHHH MaKCBejuia sto He cjiejjyeT. 

EcTecTBeHHO, no aHajiornn, npe^nojiOKHTb, hto ypaBHeHHa ( 1 2 5 f) onncbiBaiOT chjim, Bbi3bi- 
BaiOHiiie H3MeHeHHe sjieKTpHHecKHx tokob (sjieKTpnaecKHe chjibi), a b mhhmoh nacTH M CToaT 

COOTBeTCTByiOHIHe HM MOIHHOCTH. 

B CHJiy TpeTbero 3aKOHa HbiOTOHa o jjeftcTByiomiix h npoTHBOfleftcTByiOHiiix cnjiax, npejj- 
nojiojKHM, hto jtojijkho BbinojiHHTbca: F' = — F. OTCiOfla nojiyaHM 
3(ikoh o deucmeuu u npomueodeucmeuu noAeu 

© o A' = -©' o A. (26) 

HHTepecHO, hto b CKajiapHoft aacra oh Tpe6yeT paBeHCTBa njiOTHOCTeft MoniHOCTeft cootbct- 
CTByiomnx chji, ,a,eftcTByioiiiHx na 3apa,o,bi h tokh ^pyroro nojia, T.e. nojj,o6eH H3BecTHOMy b 
MexaHHKe cnjioniHbix cpe^CTB Toa^ecTBy B3anMHOCTH BeTTH, KOTopoe oSbihho 3anHCbiBaeTca 
jj,jia pa6oTbi chji. 

6. BTopofi 33.KOH HbiOTOHa. YpaBHeHHe TpaHCcpopMaiiHH. Ilojie 3apa,a,OB h to- 
kob MeHaeTCfl nofl B03,a,eftcTBHeM nojia ^pyrnx 3apa,o,OB h tokob. KaK H3BecTHO, HanpaBjieHHe 
Han6ojiee HHTeHCHBHoro H3MeHeHHa CKajiapHoro nojia onacbiBaeT ero rpa^aeHT. Ho aHajioriin 
npejj;nojio>KHM, hto H3MeHeHiie nojia 3apajipB-TOKOB npoacxoflHT HaiiSojiee hht6hchbho, ycjiOB- 
ho roBopa, b HanpaBJieHiiii ero KOMnjieKCHoro rpajj;iieHTa. EcTecTBeHHO npeflnojiojKiiTb, mto sto 
H3MeHeHiie ^ojijkho npoacxo^HTb b HanpaBJieHiiii MomHOCTii-ciuibi, ^eacTByiomeH co ctopohm 
BToporo nojia Ha nepBoe. EIosTOMy 3aKOH H3MeHeHHa 3apa^a-TOKa nojia nojj, ^eiicTBHeM flpy- 
roro, no^oSHbiH BTopoMy 3aKOHy HbiOTOHa, npejjJio>KeH b Bii)j,e cjie^yiomax ypaBHeHHH [7,8]. 
ypaenenuH 63auModeucmeuM 3apsidoe-moKoe (no./ieu): 

kB & = F = &oA', kD & = &' oA, (27) 

© o A = o A, (28) 
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D+A = 0, D+A' = 0'. (29) 

3^ecb ypaBHeHHH ([271) cooTBeTCTByiOT BTopoiviy 3aK0Hy HbiOTOHa, 3anncaHHOMy ^Jia 3apaflOB- 
tokob KajKfloro H3 BsaHMO^eHCTByroinirx nojiefi, a ypaBHeHne (j28i) - TpeTbeiviy. BiviecTe c ypaB- 

HGHH3MH MaKCBejIJia flJIH 3THX nOJieil (1291) OHH ^aiOT 3aMKHyTyK) CHCTGMy HGJIHHeHHblX ^H(p(pe- 

peHn,HajibHbix ypaBHeHHH ^jih onpe^ejieHna A, A', 0, 0' . BBe^eHne KOHCTaHTbi B3aHMO^eH- 
ctbhh k CB33aH0 c pa3MepHOCTbio. PacKpbiBaa CKajiapHyio h BeKTopHyio nacTb (|27l) . 3annnieM 
ypaenenuH mpanctfiopMai^uu 3apndoe-moKoe A-ncuisi : 

i k (d T p + div J) = M, (30) 

i k (d T J — i rot J + Vp) = F. (31) 

PaccMOTpiiM BHaaajie BTopoe ypaBHeHne. C yneTOM ((2|), ([3]) , (111), nojiynnM 
Ahcljioz emopozo 3aKona Hhwrnona 3jih 3apsidoe-moKoe: 

k (Vid T j H + Jprot f + fi-°' 5 gradp H ) = p E E' + p H H' + f x B' - f x £>', (32) 

« {^d T J E - v^rot j H + £-°' 5 gradp E ) = c {p E B' - p H D') + cT 1 (£' x j B + if' x j H ) . (33) 

AHajioroM KOJinnecTBa flBHJKeHHH Maccbi 3^ecb b (1321) aBJiaeTca K^/ej H . YpaBHeHne (1331) onn- 
cbiBaeT B03fleiicTBHe BHeniHero nojia Ha BJieKTpiiaecKiie tokh, ero aHajior aBTopy Hen3BecTeH. 

Ecjih o^ho nojie HaMHoro cnjibHee BToporo, HanpHMep, ecjiH W' >> W , to moxho H3MeHe- 
HHeM BToporo nojia no,a, B03,a,eHCTBHeM 3apaflOB a tokob nepBoro npeHe6peab. B stom cjiyaae 
nojiyaaeM 3aMKHyTyio CHCTeMy ypaBHeHHH ^jih onpe^ejieHHa ^bhjkchhh 3apa^OB h tokob nep- 
Boro nojia no,n; B03,n;eHCTBHeM 3apa^OB h tokob BToporo: kD — 0o A' = , r,a;e A' H3BecTHO. 
CooTBeTCTByiomee hm A-nojie onpeflejiaeTca ypaBHeHHHMH MaKCBejuia . 

PaccMOTpHM nepBoe ypaBHeHne (l30l) . OaeBHflHO, bto 3aKOH coxpaHeHHH fljia 3apaflOB-TOKOB, 
KOTopbiii b npaBoii aacTH co,a,ep>KHT mohthoctb BHeniHHx fleiicTByiOHrHx chji M. Tojibko npn 
M=0, HanpHMep, b OTcyTCTBHH BHenmiix nojiea a cooTBeTCTByioiirHx hm 3apa^OB h tokob, 
cnpaBa SyzjeT ctohtb 0. Tor^a stot 3aKOH npHHHMaeT xoponio H3BecTHbia bh^,: d T p + div J = 0, 
KOTopbia cjie^OBaji H3 ypaBHeHHH MaKCBejuia (cm. TeopeMa 1.1.). 

3HaaHT, npn B3aHMO^eHCTBHH 3rM-nojieH ypaBHeHHH MaKCBejuia HecKOJibKO MeHaiOT bh,zi, 
a HMeHHO noHBJiaeTca CKajiapHaa aacTb y SnKBaTepHHOHa HanpajKeHHOCTH nojia: 

A = ia(r, x) + A(t, x). 

H3 CHCTeMbi ypaBHeHHH ( 1271) - (1291 cjie^yeT, hto 

□A = D = k^F. (34) 

OTKy^a HMeeM 

-%KUa = M. (35) 

3aMeTHM, hto b CHCTeMe ypaBHeHHii MaKCBejuia (l)-(2), nepBoe ypaBHeHne onpe^ejiaeT to- 
kh, BTopoe ypaBHeHne HBJiaeTca onpeflejieHneM 3apa^;a, a 3aKOH coxpaHeHHH 3apafla flBJiaeTCH 
cjie^CTBHeM 3thx flByx ypaBHeHHH. Ero nojiynaeM, b3hb ^HBHpreHH^Hio b (1) c yneTOM (2). 
OflHaKO nocjieflOBaTejibHbiii 6HKBaTepHHOHHbiH noflxofl, KaK 3^ecb noKa3aHO, npHBOflHT k mo- 
^,H(pHKan,HH CHCTeMbi ypaBHeHHH MaKCBejuia, KOTopaa, KaK cjie^yeT H3 (1291 . HMeeT cjie^yiomHii 
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ModutfiuVfUpoeaHHue ypaenenuH Manceejuia 

J = —d T A — irotA + grada, (36) 

p = div A — d T a, (37) 

Ecjih 3apa^bi h tokh H3BecTHbi, 3Ta CHCTeMa ypaBHeHHH fljiH onpe^ejieHHH a h A 3aMKHyTa. 
Tojibko b 3aMKHyTBix cncTeiviax (npn otcytctbhh BHeniHiix nojieii) a = h OHa npiio6peTaeT 

3adaua Komu djin ypaeuenufi mpa,HC(j)opMa'u ) uu. Hcnojib3ya cpopMyjiy ( fT2i ). nojiynnM 



«0(r, rr) = D + {#(r)F(r, ar) * ^} + F(0, x) * ip + kD + {0(O, x) * i/;} (38) 

X X 

YpaBHeHHH flaiOT cncTeiviy HHTerpajibHbix ypaBHeHHH fljia onpeflejieHHH , nocKOJibKy npaBaa 
nacTb co^epjKHT b F. 

IJpeo6pa3oeaHUH Jlopenv^a ypaenenuM mpcmcdiopManuu. (3^ecb hitphx 03HanaeT KoopflH- 
HaTbi b no^,BH>KHOH CHCTeMe KoopflHHaT.) CorjiacHO TeopeMe 4.1, npeo6pa30BaHHa JIopeHHa 
fljia A, 0, F HMeiOT cjie,a,yiOHi,HH bh^: 

A' = L* o A o L, 0' = L* o o L, F'=L*oFoL, (39) 

SaivieTHM, hto npeo6pa30BaHHe ilopeHHa ,t,jih ^jih moihhocth-chjibi B3aHMO,n;eHCTBHH flByx no- 
jieft BH^a (|22|) HMeeT tot ace bh^: 

F' = ©i o A' 2 = L* o 0! o L o L* o A 2 o L = L* o 0! o A 2 o L = L* o F o L. 

fljifl (f = cooTHonieHiia (1391) SKBHBajieHTHbi paBeHCTBaM (l20l) - (l2~Tl) h 

F' = (Mch26 - (e, F)sh26) + i{F + 2e(e, F)sh 2 9 - Mesh26} 
PeAsmiueucmcKue (fiopMyjiu 3aa Mou^Hocmu u cuau: 

= « + F ^ (F _ e( ^ )) + e (£^£. (40) 



V 



HTaK MOIHHOCTb TaKJKe 3aBHCHT OT CKOpOCTH CHCTeMbI KOOp^HHaT. H eCJIH B HCXO^HOH CHCTeMe 

OHa paBHa Hyjiio, to b ^pyron 6ya,eT paBHa Hyjiio tojibko b OTcyTCTBHH bhchihhx chji F = . 
IloBTOMy nocTyjiHpoBaTb 3aKOH coxpaHeHHH 3apa^;a b Tpa^HHHOHHOM BHia;e ([Sj) ^jih otkpbitbix 

CHCTeM (cHCTeM, nOflBepjKeHHBIX BHeHIHHM B03fleflCTBHHM), HejIB3H0. 

8. IlepBbiH 3SKOH HbiOTOHa. CBo6o^;Hoe nojie. PaccMOTpHM A-nojie, nopojK^aeMoe 
, b OTcyTCTBHH ,a,pyrHx 3apa^i,OB-TOKOB. Ha30BeM TaKoe nojie ceo6odnuM. 

B 3tom cjiynae F = , nosTOMy aHajioroM nepBoro 3aKOHa HbiOTOHa 06 HHepiniH Maccbi b 
OTcyTCTBHH ^eHCTByioiHHx Ha Hee chji 3^ecb, KaK cjie^yeT H3 ([271) , ecTecTBeHHO npHHHTb 

3aK0H unep'nuu djiH 3apttdoe-moK06 A-nojin: 

D"0 = 0, (41) 



1 'Q [7,8] fljia coxpaHeHHfl SToro 3aKOHa 6mjio BBe^eHO npeflnojio»ceHHe:M=0. KaK 3,n,ecb noKa3aHO, 3to 6mjio 
HeBepHoe npeflnojioJKeHiie. 
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HTO SKBHBajieHTHO paBeHCTBaM: 

d T p + div J = 0, d T J — i rot J + Vp = 0, 



HJIH flJIH HCXOJIHblX BejIHHHH: 



.9^ + divj E = 0, 9 r j B = y/e/Jxrotj H -cgradp E , (42) 

<%p H + div j H = 0, <9 r j H = -^/pT/erotf -cgradp H . (43) 

CjieflOBaTejibHO, 3aKOH coxpaHeHna 3apa/ia b BH,n;e ([8]) BbinojmaeTca b otcytctbhh BHeniHux 
nojiefl. B 3tom cjiyaae peineHne 3a;iaHH Koihh HMeeT bh/j;: 

k&(t,x) = kB-{& (x)*J} = -^^D" | r- 1 J ®o(y)dS(y) 1 , (44) 



a Hanpa>KeHHOCTb A-nojia onpejj,ejiaeTca cooTHOineHiiaMii (1181) . 

10. IlepBoe Hanajio TepMOflHHaMHKH. AHajiornaHO bjiothocth 3HeprHH-HMnyjibca A- 
nojia BBe^eM njiOTHOCTb SHeprHH-HMnyjibca nana 3apaflOB-TOKOB: 

, BSoB . = l kf + kf +Q y i (p J - Jiff - Ji P »f) , (45) 

KOTopaa co^epjKHT njiOTHOCTb SHepraa tokob: 



Q = 0,5 || J\\ 2 = 0,5 ^||j E || 2 + £||j' H | 



E 



i2 



r/j;e nepBoe cjiaraeivioe BKjnoaaeT /i)KoyjieBO Tenjio J , a BTopoe - njiOTHOCTb KHHeTHaecKOH 



2 



SHepriiii MaccoBbix tokob j , ho He tojibko, t.k. b hhx bxojtht h BHeprna BHxpeBOH aacTH 

TOKOB (MarHHTHblX TOKOb). 3fleCb TaKJKe BBe^eH BeKTOp Pj , n0^06HbIH BeKTOpy IIOHHTHHra, 

ho fljia tokob: 

Pj = 0,5* J x J=c" 1 

Ecjih rpaBHMarHHTHbili h sjieKTpnaecKHH tokh napajuiejibHbi, jihSo ojthh h3 hhx OTcyTCTByeT 
(HyjieBofi) , to Pj = . B oSmeivi cjiyaae Pj ^ . 

YmHOJKHM CKajiapHO ypaBHeHHe (IBTT) Ha — ij , CJIOJKHM C COOTBeTCTByiOIHHM KOMnJieKCHO- 

conpa>KeHHbiM h nojj,ejiHM Ha 2. B pe3yjibTaTe nojiyanM 
3aK0H coxpauenuM dnepzuu 3apsidoe-moKoe -no/in: 

k (d T Q - divPj + Re (Vp, J)) = Im (F, J) = cT 1 {(F H ,j H ) + (F E ,f)) , (46) 

aHajiorHHHbiii 3aKOHy coxpaHeHna BHeprnn ,zijih A-nojia (Teopeivia 1.1.). OflHaKO b JieBOH aacTH 
noaBHjiocb TpeTbe cjiaraeivioe. HeTpyzrno BH^eTb, hto stot 3aKOH nojj,o6eH nepBOMy Haaajiy 

TepMO^HHaMHKH. 3^eCb BTOpOH H TpeTHH HJieH B JieBOH HaCTH o6o3HaHHM —U . QyHKHHa 



U= div Pj - ^p~fe (V 'p E \f) - v^MV 'P E ',J H ) 

xapaKTepH3yeT co6cTBeHHyio CKopocTb H3MeHeHHa hjiothocth BHeprnn tokob -nojia. IIpaBaa 
aacTb (146p . 3aBHcain,aa ot mohthocth jj,eHCTByioiu,Hx BHeniHHx chji, MoaceT yBejiHHHBaTb hjih 
yMeHbiuaTb 3Ty CKopocTb. 
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JXjir CBo6oflHoro nana nepBoe Hanajio TepMOflimaMiiKH HMeeT bh,t: 

d T Q = U. 

HHTerpupya (1461) no npocTpaHCTBeHHO-BpeivieHHOMy nnjiHHflpy {(D~ + D) x (0, i)} h hc- 
nojib3ya (popiviyjiy OcTporpaflCKoro-Faycca, nojiyniiM HHTerpajibHoe npeflCTaBJieHne nepBoro 
Hanajia TepMOflHHaMHKH ; 

t 

D- D 

t 

-jdtj {a' 1 (Vp E ,f)+^\Vp H ,j H ) }dV(x)+ 

D~ 

t 



+C- 1 J dt J {(F H , j H ) + (F E ,j E )}dV(x). 



D~ 

3flecb n(x) - BeKTop e^HHHHHofi HopMajiii k rpaHHne D otkpmtoh o6jiacTii D~ b R 3 . 

11. ypaBHeHHa cyMMapHoro nojia h SHeprna B3aHMO/],eHCTBHH. Ecjih ecTb HecKOJib- 
ko (N) B3aHMOfleHCTByioiu,Hx nojieii, nopoacflaeMbix pa3JinHHbiMn 3apa,a,aMH n tokemh, to ypaB- 
HeHiia (1271) npinviyT bhjj: 

KB + @ k + @ k oJ2 Am = 0, D+A fc + & k = 0, jfe = 1, N (47) 

m^k 

D+A m o A k + B + A k o A m = 0, k + m. (48) 

CyMMapHoe nojie, KaK jierKO Bnjj,eTb (cyMMnpya (1471) no k), b cnjiy (l47| . HBjiaeTca cbo6o,h,- 
hmm, nocKOJibKy, aHajiornnHO MexaHHKe B3aHMOJj,encTByioiii,Hx Teji, Bee ^eiicTByioinHe chjibi 
BHyTpeHHne. 

HTaK B3anMOflencTByiom;He nojia y/roBJieTBopaiOT aHajiory BToporo 3aKOHa HbiOTOHa jxjia 
nojieii fliTl) . (1481) . a jijih cyMMapHoro 3apa/ia-TOKa BbinojmaeTca paBeHCTBo: 

A/ 

D+0 = D+ 0m = ( 49 ) 

m=l 

YpaBHeHna cyMMapHoro nojia aBJiaiOTca cjieircTBneM n JiaiOT nepBbie HHTerpajibi B3anMO- 
^encTByioiu,Hx nojien 3apa,a,OB-TOKOB. Ecjih b HanajibHbin momcht BpeMeHH 3apajj,bi-TOKn H3- 
BecTHbi, cncTeivia ( 1451) - ( 1461) no3BOJiaeT onpe^ejiaTb co3,a,aBaeMbie hmh nojia n nx coBMecTHoe 
H3MeHeHne bo BpeMeHH h npocTpaHCTBe. 

PaccMOTpnM 3aKOHbi npeo6pa30BaHHa SHeprnn nojiefi npn B3anMOflencTBHH pa3JinnHbix 
3apaia;oB-TOKOB. 

3Heprna-HMnyjibC /iJia cyMMapHoro nojia 3apa/j;oB-TOKOB HMeeT bhjj;: 

N N / N 

H© = 0, 50 o 0* = 0, 5 @k ° Yl @ * 1 = °> 5 [Y @k ° @ * k + Y @k ° @ * 1 

k=l 1=1 \k=l k^l 
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N N 
k=l k=l 

3^ecb nepBoe cjiaraeMoe - sto cyMMa SHepraa-aiviayjibcoB B3aaMO^eacTByK)inax 3apa,a,OB-TOKOB 
BBe^eM 6nKBaTepHiioH anepsuu-UMnyAbca 63auModeucmeuH. Ero ,a,eacTBaTejibBaa aacTb 
onHCMBaeT saepraio-aMayjibc B3aaMO,a,eacTBaa o^raoaMeaabix 3apa,a,OB a tokob, a MHHMaa aacTb 
- pa3HOHMeHHbix: 



5E e = 5W e + i5P e = J2 S e> s e = °> 5 { @k ° ®*' + ° ®* k ) 

k^l 

Eg = Re (p k p* 1 + (J k , J* 1 )) - i {Re (p k J* 1 + p* l J k ) + Im [j k , J* 1 ] } , 
njia b hcxo^hbix o6o3aaaeaaax: 

n E(k) n E(l) Jk)H n H(l) 



_ z / [K p {k)Ej{l)E + f£[ p (k)Hj{l)H + r^k p (l)Ej(k)E + f^ p {l)H-{k)H _ 

-vm [j (l)E ,j {k)H ] + [j m J m ] } 

B pe3yjibTaTe aojiyaaeivi ycjiOBaa apeo6pa30Baaaa saepraa apa B3aaMO,i],eacTBaa 3apa^OB- 
tokob: eudeAenue BHeprnn, ecjin 5Wq > ; nozAoii^enue SHepriiii, ecjin 5W® < ; coxpaneHue 
SHepriiii, ecjin <5Ee = . 

3aKjiK)HeHHe. IlpefljiojKeHHbie 3flecb ypaBHeHHa B3aHMOfleflcTBHa 3rM-nojiefi, ocHOBa- 
hm Ha ranoTe3e o MaraaTBOM 3apa,a,e-Macce, caMMeTpapyiomeM ypaBaeaaa MaKCBejuia. 3to 
no3BOJiajio Ha3BaTb TaKiie nojia aAenmpo-spaeuMazHumHUMU a nocTpoaTb 3aKOHbi ax apeoS- 
pa30BaHaa a B3aaMOfleacTBaa, bo mbotom aHajioraaabie 3aKoaaM HbiOTOHa ,a,Jia MaTepaajib- 
Hbix Teji. HccjieflOBaHae sthx ypaBHeHHH Ha HHBapnaHTHOCTb npn npeo6pa30BaHHax JIopeHiia 
noKa3ajio, hto rnnoTe3y 06 HHBapnaHTHOCTH 3aKOHa coxpaHeHHH 3apa,na-Maccbi ^Jia MO^ejin 
3rM-nojia, paccMOTpeaaoa b [7,8] apaaaiviaTb Hejib3a. 3,a,ecb aoKa3aHO, hto aeo6xo,naMO BBe- 
^eaae CKajiapaoro aojia a(r, x) b 6aKBaTepaaoH aaapaaceaaocTa 3rM-aojia. 3to apaBO^aT 
k MO^a(paKan,aa ypaBaeaaa MaKCBejuia. 

3aMeTaM, hto BBe^eaae a(r, x) aecKOJibKO Ba^,oa3MeaaT apaByio aacTb ypaBaeaaa Tpaac- 
(popManaa (I3T1 ). KOTopyio aeTpyirao BbiaacaTb, acaojib3ya 6aKBaTepaaoaayio (popiviy SToro 
ypaBHeHaa (1271) . bh,h, KOTopoa He H3MeHaeTca. 
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